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dCR V-TCs(0)en . V-rcs(0)
dt KLnxo+Cs(0)ed ■ KLn血+cs(o)
(2-1)
ここで､右辺の第一項はユキソ型酵素に分解されて生じる単糖の生成速度であり､第二項
はエンド型酵素に分解されて生じる還元糖の生成速度である. Kn.exD ､ vEnSはユキソ型酵素
に関するMichaelis定数と最大反応速度､ K;ndo ､ vn.e禁はエンド型酵素に関するMichaelis































































































Table 2ll Reac'tion conditionsinsuspended enzyme system･
反応温度　　　: 37℃
反応液体積　　: 100 cm3
初期基質濃度　: 1.3, 1.7 × 104mol･dm3lliq
遊離酵素濃度　: 1.16, 2.1 mg･dni3lliq

















































V4 -告- (1- α)k3CES6 -klCs4CE ･k2CES4
V, -鷲と- 2碑,CES6












= 3k.Cs6CE -k2CES6 lk3CES6 = 0




dCs. _ Vmaxl3(1- α)Cs6 - Cs.]
dt K,. +3Cs6 +Cs4
dCs3 _　6VznaxaCs6
dt Km+3Cs6+Cs4
dCs2 _ Vnax l3(1- α)Cs6 + 2Cs4 I
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Fig･213 Experimentaland calculated resultsinsuspended enzyme system･
(a) C6(0)=1･7X IOl4 mol'dm-3, cE(0) =2.1mg･dm'3.
(b) C6(0)=1･3× 104 mol･dm~3, cE(0) =2.1mg･dml3.

















Table 214 Estlmated constantsinsuspended enzyme system.
constants estimated values experimental values
Km lmol●dm13-1iquid]　　　2.01 × 1014　　　　*
V.nax 'lmol●g-11enZyme･min-1】 2.90 × 10~3　　　　*
a l-]　　　　　　　　　　0.411　　　　　0.41-0.42
* uno bt ainable
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Table 215 Sensitivity of model constantsinsuspended enzyme system.
constant s value S deviation


























Affi-PreplO Enzyme Immobilized Enzyme
弓gi;]. R-NH2急弓』R I HON.0(I;h]
































1･3-2･O X 104 mol･dm-3lliquid
1.0, 1.5 g











百- (Cs甥'p; pCsi ht　　(i-2･3･4,6,
ここで､ V, ldm3-1iquid】は溶液体積､ p lg-particle･dm-3-particle]は担体密度であるo



























































KmLm'n + 3Cs6 + Cs4
vmr b(1 I αつを二年J
Kmh + 3Cs6 +Cs4
6VEnaXST αb"m cs6
Kn,m +3Cs6 +Cs4
耳1. - αLmm )Cs6 + 2Cs4









i.c O≦r≦R, ; CTm-o　(i-2,3,4,6)  (2125)
b･C･ r-0; %-0　　(i-2･3･4,6) (2-26)
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(Csi,calc + Csi,exp) / 2
23
(i=2,3,4, 6)　(2-47)
Fig. 2-8 Flowchart for estimation of constants.
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Fig.2-9 Experimental and calculated resultsin血mobilized enzyme system･
(a)cs6(0) -1.3 × 104 mol･dml3, W,-1･O g, CBh (o) -13･86mg●cm-3-particle
(b)Cs6 (0) -1.7 × 104 mol･dml3, W,-1･O g, CEbw (o) -13･86mg●cm~3-particle
(C)cs6(0) -2.0 × 104 mol･dm~3, W,-1･O g, CBhm (o) -13･86mg'cm-3-particle
(d)Cs6(0) -1.7 × 104 mol･dml3, W,-1･5 g, CEh(o) -13･86mg'cm~3particle
(e)cs6(0) -1.7 × 104 mol･dmー3, W,-1･O g, C㌢t (0) - 9･51mg●cm13-particle
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2. 2. 3. 4　担体内の各糖温度分布と反応速度分布
(
Fig. 2110(a)～(C), (a)'-(C)'に担体内の半径方向の各糖濃度分布を示す.これは､初期基質

















































Fig.2-10　Calculated distribution of saccharide concentrationinsupport particle･
Cs6(0) -1･7 × 104 mol●dm-3, wp=1･O g



















【 llll (a)■t=10[min]l I 



















Fig･211l Calculated distribution of hydrolysis rateinsupport particle･
cs6(0) -1･7 × 104 mol･dm-3, wp-1･O g


















Table 2-8 Estimated constantsinlmmobilized enzyme system･
constant s estimated values experimental values
K㌘ 【mol･ dm-3-particle]　　　　　8.67 × 10-2





















Table 2-9 Estimated values of effective diffusivitiesinSupport particle and calculated values
from empirical equation reported byKimura and Nakao17)inaqueous solution･
effective diffuSivities lm2･S-1]　　　insupport particle　　　　inaqueous solution
好6　54　好3　好2









Table 2-10 Sensitivity of model constantsinlmmobilized enzyme system･ l
const ants value S deviation
































Table 2-llList ofo erational factors for simulation.
基質濃度　　　酵素濃度　　担体量担体粒径総表面墳総酵素量
lmol'dm13-1iq･] lmg･cm~3-particle] lg]　lpm]　lm2]　lmg]
easel 1.7 × 104　　　　13.86　　　　1.0　　　50　　　0.12　　12.08
case2　　1.7 × 104　　　　　6.93　　　　　2.0　　　50　　　0.24　　12.08
case3　　1.7 X IOl4　　　　13.86　　　　1.0　　　25　　　0.24　　12.08
Fig･2-12(a) ～ (C)に液相中の各糖濃度の経時変化に関するシミュレーション結果を､ Fig.2-
13(all)イa-3), (b-1)～(b-3), (C-1)～(C-3)に担体内の半径方向の糖濃度分布に関するシミュレー
































Fig･2-12 Calculated results inlmmobilized enzyme system･
(a)easel ; CBh (o) =13･86 mg･cm-3-particle, Wp-1･O g, Dp=50 pm･
(b)case2 ; CEh (o) -6･93 mg･cml3-particle, Wp=2･O g, Dp=50 pm･
(C)case3 ; CEh(o) -13･86 mg･cm-3-particle, Wp-1･O g, Dp-25 pm.
34






















Fig.2-13 Calculated distribution of saccharide concentration in support particle･
(a) easel ;CEiw(o) -13･86 mg●cml3-particle, Wp=1･O g, Dp=50 pm･
(b) case2 ; CEb"m (o) =6･93 mg●cml31Particle, Wp=2･O g, Dp=50 pm･





























生成を表す｡ E lm2･S-1】は反応器内における分散係数であり､ (3-4)式に示される経験式22)よ
り求められる.　　　　　　　　　　　　　　　　　　　　　　　(
E = 2uRp (3-4)































K,.'mn'+ 3Cs6 + Cs4
vmr b(1 I αhJC7jE]














































































i.C. T=0､0≦R≦1 ; Zi(0)=0　　(i=2,3,4,6)　(3-38)
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b･C･ R-0　･獣0 (i-2,3,4,6)






















Table 3-3List of constantsfor numerical calculation.
Constant s Valu e
K㌘ 【mol･dm~3-particle]　　　　　8.67 × 1012































Fig. 3-2 Schematic illustraion of column reactor system.
43
(3145)





























Table 3-5 Reaction conditionsincolumn reactor system･
初期基質濃度　　1.0, 2.0, 3.0× 104 lmol･dml3]
酵素濃度　　　　9.5, 13.5 【mg ･ cm~3-particle】



































Fig･ 3-3 The saccharide concentrationinefnuent solution at each sampling tlme･



























Fig. 3-4 Experimental and calculated of saccharide concentrationinefnuent solution.
























Fig･3-5 Experimentaland calculated resultsincolumn reactor system･
(a) Cs6 (0) =1･0 × 104mol･ dm13-liquid, CEbn'(o) =13.5mg･cm~3-particle
(b)Cs6 (0) =2･0 × 104mol'dm~3-liquid, CEimm (o) =13.5mg･cml3-particle
(C)Cs6 (0) =3･0 × 1014mol●dm-3-liquid, CEbw(o) =13.5mg･cm13-particle









Table3-6List of operational factors fo,r simulation･
基質濃度　　供給液流量　酵素濃度　担体粒径総表面積総酵素量
lmol･dml3] lcml3･min-lHmg･cm-3-particle] lpm]　lm2]　lmg]
case 1　　2.0 × 104　　　1.0　　　　　13.5　　　　　25　　　0.24　　15.7
case 2　　2.0 × 10~4　　　1.0　　　　　　13.5　　　　　50　　　0.12　　15.7
case 3　　2.0 × 10`4　　　1.0　　　　　　13.5　　　　100　　　0.06　　　15.7

















Fig･3-6 Effect of particle diameter of support particle.
(a) easel ; Cs6 (0) =2･0 × 104mol●dm-3, Dp-25pm, Q-1･0cm3･min-1･
(b) case2 ; Cs6 (0) =2･0 × 1014mol●dm-3, Dp=50pm, Q=1･Ocm3･min-1･























Fig.3-7 Effect of saccharide concentrations and flow rate･
(a) case2 ; Cs6 (0) =2･0 × 104mol･dm-3, Dp=50pm, Q=1･0cm3●min-1･
(b) case4 ; Cs6 (0) =1･0 × 104mol･dml3, Dp-50pm, Q=2･0cm3●min~1･
(C) case2 ; Cs6 (0) =2･0 × 104mol･dm-3, Dp-50pm, Q=1･Ocm3'min-1･





































initial enzyme concentrationinsupport particle
concentration of enzyme-substrate complexinSolution
concentration of saccharide h solution








volumetric average concentration of saccharide in support particle lmol･ dml3lParticle]
initial concentration of saccharideinsolution
nondimensionalnumber definedineq.(3-29)
effective diffusivity of saccharide
particle diameter
dispersion coefficient
partition coefficient of saccharides
counter corresponding to polymerization degree of saccharide
rate constant
Michaelis constant in suspended enzyme system
Micha61is constant in immobilized enZyme System





nondimensional radial coordinateinsupport particle

















sum of square of the relative error between calculated value of saccbaride concentration
and experlmental data
i reaction time
r nondimensional reaction time
u linear velosity of liquid








local hydrolysis rate of saccharideinsupport particle lmol ･ dm-3-particle･minll]
volumetric average hydrolysis rate of saccharideinsupport particle
lmol ･ dm13-particle ･ min-1]
maximum rate constantinsuspended enzyme system lmol･dm'3-1iq. ･min~1】
maximum rate constantinlmmobilized enzyme system lmol･ dm-3-particle ･minll]
weight of support p身rticle
nondimensional x coordinate
coordinate normal toflOw direction
nondimensional concentration of saccharide h solution
nondimensional local concentration of saccharide in support particle
selectivity coe瓜cientinsuspended enzyme systerp
selectivity coefficient in immobilized enzyme system
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Fig･a-1 Sacchairde concentration in immobilized enzyme




dCs｡ _ (レ霊/H)[3(1-a)Cs6 -Cs.]
dt　(Kmbnm /H) + 3Cs6 + Cs.
dCs3　　6(皮/ H)aCs6
dt　(Kmbw/H)+3Cs6 +Cs.
dCs2 _ (皮/H)[3(1-α灯S6 +2Cs. ]





以上のモデル式の未知定数はvznTT､ K,.bRLm､ H､ aの4つである｡ここで､ Hおよびaは
実験値を用いるため､酵素単位重量当たりの最大反応速射霊'(-vmT/cEbw(o))､ Kmhに
ついて実験結果とのフィッティングを行った｡
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